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(54) Title: FERROELECTRIC MEMORY DEVICE AND ITS MANUFACTURING METHOD 
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(57) Abstract: A ferroelectric memory device com- 
prises a first electrode (102), second electrodes (103) 
arrayed in a direction perpendicular to the first elec- 
trode (102), and a ferroelectric film (101) disposed at 
least in an intersection area of the first electrode (102) 
"J 01 and the second electrodes (103). Capacitors consti- 

tuted of the first electrode (102), the ferroelectric film 
(101), and the second electrodes (103) are arranged in 
a matrix. In the ferroelectric film (101), a ferroelectric 
phase and a paraelectric phase are mixedly present. 
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&g§*#j*^E'jg«te, iitti (102) mi mm (102) txse-r 

^^[S](C@2^'J$nrc^2«@ (10 3) 'M<t^lfiU02) ifg 

2mm (103) toxMMmz&uztitc&mmfcm (101) &^tr 0 

SglH@ (10 2), !fit««#R (10 1) &Z>*fg2WH (1 0 3) iCioti 

^§ns^t^'>^^ mj ^xtKicBam^n*. &&«#8g (iod ^ 
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IT, 1T1C, 2 T 2 C, h U ^Xli:^jT^S„ Z.(D^T, 1TI 

Tf'J^XlIt ITICi, 2 T 2 Clttt^tjUti' X^/h$ < , 

16 10 7Mft:l^^nt^§. H^iB^$gfc:^^T«, ^tutJK© 
5r-^«#^RHc, u -fe;v-\»^^^«j±© 1/3 ©mffi^EMf 

S^F pT X T $> £ £ £ fi J o Tz. „ 
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ife^T £ © icme-r & §o 

^>^(p]^@B^J$nfc^2*Si:, 4>&< tfctufBSil 1 ««<hffffBfg 2 «*l<h(D3$ 
^t'Jgl^ot, t9IB§tlf«#:)3i«, SiR^Ge ® / >&< tfe-^^ttJ. 
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06 n &mw<DmM<Dmmiz£>tt%>, ax h\z&&mm&&fe(D±izi&}% 

01211 ^H^CD»M^43^§5iM«f*M©XRDA^->^^-r0o 

1 1 8 H 2^^Bj©||^Mfc^^^^^/^^^©'J--^*»!t#tt^^T0o 
@19ll ^^©^W^tf^^ ;V>^©tXrU yX^tHo 
02 OH ^BJ(D^iiM^*5^§5^M*#fli©SM¥*o 
02 1H ^BJ©^J£M^^^§^r^A^^©fcXxU ~>7;£^r0o 
B2 2H Ay^CkXrU yX^Stio 

*^B^(DHji©^ii^^^^>5iM«#x ; &u^sn ,n«ii, ttriHUis 

ms^©^^^^^@Hg$n^§tif «i*ai^> ^^^^ tutsii 1 i&fB^if 
mfaMj&Uwi mm 2 «s \z^^ xm^ $ n ^ ^ ^ /\° >- ^ #v h u ^ 7; t£ tst $ 
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ttPZTi (PbZrTiOl) ©t/^te^feJu JSJMbi&lKfcfc 

^t^s^t^ot, ^ji@^*5^TiE^^^#f a Q tote®, ftmrn 

X -A- 

t^S©fST«, 9ira*#©»j&5c*Ta&'*Pb, Bif©I%lM^7ni©fi 
$6^, itufBABO x T:g£n£SSt«# : te, Ait^h^Pb, Hf> Zr, 
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^M*#©^7n^^llIC7n^^W*bV^ AIM h^itlTtiP b, 
Hf, Zr, V, W^M^~e^ ; 5 0 ^nSC^fS^T^ilSf*^ 3&ff@#: 

$?>£±tfS Slg'l4^S<, Sf^b7fej§^hX-5rU y7^#6n?»o 

P Z T?£ LTte, PbZrTiO^©3llt#: (fci^UfPbZ 
r y Ti a _ y O s ), PbLaZrTiOI©^ilft (fci^Pb^.La.Z 
r y Ti x _ y 0 3 ) 

ABO x tg^tl, B1M f^GeMS i ©4>&< L t> lffi/^S&D, 
AlMh^Pb> Hf, Zr, V R^W©^< 1 1^ 5/^l>f iS#i b 
Tte, PbGeOm (Pb 5 Ge 3 O x , Pb 2 Ge 1 O x ), PbSiOl (Pb 5 
Si 3 O x , Pb 2 S i^,), Z r G e O x , H f G e O x . VGeO x , WG e 
O x , VSiO x , WS iO x ^W^nSc AIMM-Pb, Zr, Hf, V, 

BO x Tg^^ B1M h^G e&tKS i ©4>&< <h 
if«#:£bTtt, GeOx> SiOx, GeSiOx ^£^f Stl^c 
m-TZ> (B) (Dil^-felWIilfcJ^ V^i^^t^^o 

(b) futB3SM«#:*gte, mw^uy^ti^ hm^mmfafrBtev, mm^m 

mfemfe. ABO x ^fc«BO x TS$n^#M«#^^57j: 5 3, B1M h 

H?fBABO x T^$n^#li«#:^, AIM h^B i , Hf, Zr, VR^W 
/^£IliR£tl£4»£s:< ll^^§:t^T't5„ ^ne>©7C^tt, _bf3 

(a) (Dm&tmute. mwnfcw-i hseibT^^t^^v^d^, & 

ii«#:©«^*a:lHli:7n*75W^b^o #^B iit^nyx*-f bit 
a^«^^bT{i^^jl*jB i ^#ffibfe^^#tt^mv^cJ6, AIM M3B 
i T^£££#W£t^o 

tufBABO x T^$nsmM«f*«, AIM h^Ca, Sr, Ln (L 
n«7>^y^f F©IB»*e$> Ln:La, Ce, Pr, Nd, Sm, Eu, 
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Gd, Tb> Dy, Ho, Er, Yb, Lu), Nb, Mn&r/Pb^SI^ 

)f #^n:/X;*K h^3£M*#:£ UTtt, SrBiTaO|05tll# 
*.fc£S r B i 2 Ta 2 O s ), BiLaTi OMO^mnfo (frhX\£B i 3 . 25 L 
a 0 . 75 T i 3 0 12 ), B i T i 0^©5tlfS# (fctiHB i 4 T i 3 0 12 ), B 
iWO|0W#: (fct^«Bi 2 WO,K B iMo0^03ll«# 
fc£B i 2 MoO e ) &££#frf^£<h/^-rit£o 

ABO x Ti$tl, B1M h^GeMS i <£>4>&< <h 11*5^0, i>^> 
h^Hf, Zr, VlkTfWCD'Pte < h % 1 ®^ Sfc^^ifft'®^ ttii, 

i <D'PU< tfe At^f hJ^B i'T?*5t«li*itTH:, 

BiGeOl (Bi 4 Ge 3 O x , B i 2 G e x Ox), BiSiOl (Bi 4 Si 3 

o x ) 

ZZlZ, ABO^n, BtM* b#*G eR^S i <£>4>&< fct> lt^Bft 
0; ft\-D, AtM Wa, Sr. Ln (Ln©c('T ! b, #KlL a, Nd, Sm 

n&4>&< tfe ia*6&5t»*#i^Ttt, CaSi0 3 , SrSiO,, 
NbSi0 4 , MnSi0 4 , PbS i 0 4 m&mVfZ ZL t^TfS. -®fi« 
HffizEbfc (A) .OPZT3R3ift»«#tJlft*-&t>iirTffiV^na»'B'»C*)3a 

ABO^fcSBO^g^nSt^W^feO, f)^. B+M 
h^GeMS i /^£3tiR£n£4>£i:< £fe 1 £ 

MfHP ZTliit#tt, (111) «&ffiia©IE:#ll*£££SE£#^£ 
& D MISP Z T3&&fiS#k^ (10 0) «5fcKi3i©«iS#S*3e& 

fuiBJB^n:/X#-f (115) «5feB3iRi©SBTT 
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a&s tffwBjg^^n^x^-r hm§s^«#«, (ii7) &9e.mm 

CD B I TT^^ui^TtS. 

*C 0.1^#JftB/*mA^9 it^^t^T'tl). $ tufBf ^&;Ht 

mmfcm<D mm^m & mm -e # § - 

^r^/^^^*»JSj6i"*3ftttl«frIISi©^^tt, X/^^ 7 , MOCVD 
(Metalorganic Chemical vapor Deposition) T&cfcV^/^ Z\tl£> (Djj&~C 

f&(DWkM'3jfeX\'&, ^l/^l/^MOD (Metal Organic Decomposition) © 
$ fc^tK © HC «■ * M V* & c t j&W * b o 

(a) MfB-k^5 *9flBSSl ©Jg»*t MffilS 2 

1 0 0:4 0 0&^b 1 0 0:9 0 0 Ojfc* (#HJfc) T^UTf 
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z.<D&5\zmi omnwtt^2<DmmmtzM&Tz>z.£te&r). s.?umz 

w,i<DUwm mmnmm) ^1201^ mmmmtm) t^ttm* 
±mmm t v . m%mmrmztt vxmn mmm <~tz>z.tte& 

<d m m .t: v # v *t © fST & m < 0 

(b) itufBfg 1 <DmmmtlM$~am 2 ©JlSIt It LSMCD (Liquid 
Source Misted Chemical Deposition) f£ E £J1 V^T, 5 X h KiTltl! 

<D^mum^-vm,m\zum^±^^ztf}m^v^ 0 fa (77^x) 

mmm^nm<D^x\tmm^^hx%^rmmmm^^n^ 

^in®>&^2V—-y^^M£<x^%Tc®mm&m<^%zt.tfx^^ 0 
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!EI 2 Hi: i o Tij5g § n§ ^ t ^ h u z xmzmw-gttfc^mmfc 

^^EU^fi-efeoT, tfrf23tM*««, Si^Ge <DpU< th~^^tsz\ 

mm.m/~\mmnM^iz si j&.t$ Ge <dpu< m £b<«m^£#trfe 

u-^mitmiz, siRi^Ge (D'pu< »&v< i^m^^mmm^ft 

mmznr<i%(Dii%^7Lz> 0 z\<D^ornmm/-\mmnm.iz^^n^ si -bos Ge 

m n D ft t£ D fg < -r £ £ £ t? # £ o 

§^Mil't> (B h-T^-» £ Si ^f^->S:^ Ge 'ftXD^^tfe- 
^fiILfcfe©t^S„ fj^H *^B^{:J:§(Bi, La) 4 (Ti, Si, Ge) 3 Oi 2 3j£ 

b +f--r b-r^->£ si^rx Ge 4+ -c\ ^-n^nfimbfefeoDTfe'So 

£©J;-5ft(Bi, La)4(Ti,Si,Ge) 3 Oi2 Bi 4 Ti 3 Oi 2 ft «fiT^ §ICD 

©£J3li£/^\ Ti 4 +© 0.6Attb Si 4+ « 0.26Ai##^/h$Vi^ < J 1 ^e ) , Si 4+ 
2&££ Ge 4+ ^r B l^-f h-ft>0SliitH *5fc#*.llV^ <£>T&3 0 Vfcft 
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t)t>. Si b. Ge }^oT^n^nt«Alft© B 1M h SB&e^&*.5 £ 
Si fc)fc^T*&H§*K:Ife#A®#© B 1M hld^t* SSmH^iS^fe^T&So 

zmrau Ge ^iiA®#:0 b *m Mast, ^nt^CTiiA®^®^f 

tr*^ &*v*«^trfci&te. Si *> B'it-T hT?©e&#*b^>-r^;i£fc: 
Z<D£5\Z, Si £ Ge SfWfclffl^EiKlcktK Ge fitfVM&telt^ 

(B) tufESM«{*#Pftt, CaSiO s > BaSi0 3 , PbSiO s , ZnSi0 3 , MgSi0 3v 
B 2 Si05^ Al 2 Si0 5 ^ Y 2 Si0 5 , La 2 Si0 5 , Cr 2 Si0 5 , Bi 2 SiOs, Ga 2 SiO s > ZrSi0 4 > 
TiSi0 4 , HfSi0 4 , NbSi0 4 > MoSiOs, WSiOs^ V 2 Si0 7 & h fSi&ffifr tl 

CaGe0 3 > BaGeG 3 , PbGeOs. ZnGeOs , MgGeOs , B 2 GeOs, Al 2 GeOs > 
Y 2 GeOs > La 2 GeOs > Cr 2 Ge0 5 > Bi 2 Ge0 5 , Ga 2 GeO s ^ ZrGe0 4 ^ TiGeQ 4 ^ 
HfGe0 4 , NbGe0 4 , MoGeOs, WGeOs* V a Ge0 7 J&> 1 
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i. r^if/tuif^^t/v^^ 

^vfc.m-c$>z>° m i fc^^T, ioi m$nnfomhi%Mmm%tiffM : &-§rz> 
&mn&m cetf, sin* r^^^nj t^v^K io2«^iie 103 

ns„ mimmi o 2^12111 0311 pt, 1 r, ru#©* 

Hlfc43ViT«, If ^^©ffi^iiitt^^ t 'J IfiCiMi (MOS 

ISS^W^. »l©S»*i:li2©IS»»tt©ig^«Jt«, 10 0:4 
0 0 ~ 1 0 0 : 900 Ta55o 

mmmimnn. mmm^xm. suing, mmmmmnn^^numm 
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#cD-w*TfBfc^-r- mmmtmumzi 5 o°c~i 8 own-So m^m^m 

0°C~1 8 O'CTff 5c (EJM#MX@) « RTA 8£i?l?B^ 

25 0*0—2 8 ownvo mgkit) « RTA SJBV^ ms^is^t. 

4 2 5-6 5 o°c-rfT5o #mnft&m&z&fcK—iSLto , te¥&v>i8&fc 
umm 0 00-8 0 o°c<h, ^mmomm^zit^xiM^o ^m^^mmn 

15~2 0 0 nmTl§. SI 2 A y ^ \Z D Jgjfcbfc&K:, 

V>T«, *flE + V s TOlRf KI#@SP ( + Vs) -£-©^«JE 0 K: b&HS 

^tiPrt^O, Itiff-l/3Vstlfcl«P (-l/3Vs) £ 
&tK Iffi-VstlMliP (-Vs) <hJ%D, S«tEOtl/fc^I 
S-Prt^D, IlcS£E+l/3VsiUc^ffilP (+l/3Vs) 

fltff flt+V s tl&^ltaH^P ( + Vs) teKS.fcS&b^D 5^ 

vs) - i / 3v s (Dmm&wijnv, £ e>fcn=Pi[j«ffi£o tifcH, 

(0) -S«J±-V s £MbT#««P (-Vs) fcbfc^, 

+ 1 / 3 V s ©«ffi^fPJPb, S S}c:PPJP«JE^ 0 tlfc^ hXf'J^XJH 
rm0 2*^fc^4M*&&£tK Mi^feiP 0 (1) £Jt^o 

^©^iiP 0 (0) t^liPO (1) (DMfi^ftlz htlT^n\£, Mf3# 
1^9-116 10 T^WteM^^nTViSKWrfelCttJJ^WT h U^Xi 
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X^rU yX(l^»§ftltt©^±it HJ ^ XM©3iii§Sf*M ^ U SIS© 

^§asm#;*^ unfile ss^tk*. ^^fflu&fffc^vi-fe^tfei i 

©5fc£l/fcJK»^ 5^S*R*s^^S^iftK: l/3Vs A'M^l 0 1 °m#x. 
5t^gtH3 0~5 0%©ffiTM^n5^ #3i§§8fc:<fc££ 1 0%£lT<Dl& 

tit * s 2: t b o 

Jg) 0 g6 te^©fc#>CD^e 2 0 0 ^il^KlKl^UfeWfWiat?**- 

fglGDlCf*2 1 2 3 0 (C^0^^->3.2 4 OfcSISnSo ;* y S> 

a2 4 0§l]ilfcIlIWt 5Xh 2 5 0 t&D, S#l O0±fcft*&$n 
^fel2©1^2 2 0%, Pt«§§2 3 2, ^r>a2 4 0§ID5Xh25 

^bfeif®iiiT$)§o ism m®mt£^faten&mmfcm4 2fimwtm~M 
s^rr &3£i§ ^ ^ & ^n§. xt°>3- h tem^&i 

2. gaftsfM^usse 
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g©|f^&*bfeHTfe^o [3 3Ate^©¥®III, EI 3 BUM 3 A<DA-Am\Z 
^ofcltr®EIT&£o 0 3Ati5ViT, «F-^3 0 1 735 3 0 3 3 0 8±lC 

Blf^OD^BB^J^nfey-H^T&D, ff-^-3 0 475S3 0 6 «FJf^©^C@H^iJ$ ft 
fctfy hHTa5S, y- Fi3 0 1 73 S 3 0 6 ilfy hi3 0 4 73S3 0 6 i© 

glfl, £5 fcbTfc «k^U, $>^W3:S«3 0 8 K:*»ft^ U 3 >S«£J1 V* 

_b temaft $ ftT s 5£Sf ^ ^ U St © — M * ^Tlfr ® El T & ^> o |RlEIic*5 
V>T, My'J3>H4 0 l±i:MOS h7>^^4 0 2«$tl, - 

© b^>z?x?mj&mmfimm®$&ffi£f£z> a Mosh7>^^4 0 2it j* 

jgft^U3>3£*4 0 1, V-X • F W>««4 0 5, er-M&,«H4 0 3, 
y-h*l4 0 4fcJ;t)ifi!cSn5. 4 0 6 teJjt^lMlHbBil, 4 0 7Sil 

ommmmm, 4 0 8 ran 1 ©eafcjB'r*5. 409 2 (Dmm%&mm, 4 1 

0 tt»Rt#*t^'>^OT»ti (Iltltfd^2ii) £ft# 

4 1 UMtftlT^D, 4 1 2«3)tff«# 

T§I5«S4 lOt, &^«#ffl£#f&«#:ffi£&^tr&^«#I&4 lit, J: 
§S«S4 12£fc£D, ^t'JtJI/TW^il^tlS. 4 13ai3©iS» 

i»ffln?»o, 4 1 4\z^2<Dmmm-e&%o 1201^14141^0, ^^u 
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ft^^^^u^gif^, /tut^TH t«3aniKiKttH— a£«±fciiat*f"« 
^ ^ u -t ; v r w -r u m a m s§ bp £ ¥ ® w s b t v ^ «t -5 & jg j& t u t *> «t v 

3. HJSM 

cms^j 1 ) 

lmo l/l©b;VX>»*l 1 0 OmK 2-Xf JV^^Xhn^a 
-AOiftjgO. lmol/lChiH>*«40'0mL ^>W^>F® 
jftftO. lmol/l<O^I>**1 0 0 0ml, 2-XfWt>10 0 
g^^^UM^^ISMUfeo ^01^^. SiP§»BfrF, 12 0°C-eiB#W 
Jn^jS^tU^ »jfc&flrffi«*U;fc. - n ^ S r 0 . 8 Bi 2 . 2 Ta 2 Ox (SB 
T) ^ITCiffllS^O. lmo 1/1 hJl/X>£rinx/!F§ 1 © 

— 3k tStSft:&4^t5fcfe0l20l^^©«lf:LT#fc. 2 -X^ 
;i/^^it>MHX^X©0. lmol/l©^X>jSf*1 5 0 0ml, ~>UXI 
>Xh3^>F<Z>0. lmol/l©hiVX>ill7 5 0ml, Rtf 2 -X3\)Wv. 

^it>i o o g&jg^ua^fc&wHkfc. ^cDii^sK^, ^.mmmn.T^ 1 2 
©tttis^o. imo 1 / i\zf3LZ>&-5\zb)V3L>%ya%-, &2<Dmnm& 
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iBtifell Og«t|2 0l»i^tt > 7ll=r#:f*J£©jS5 5 SIS© 
?B-&«©Jt*tt, 100:50, 100:40, 100:30, 
1 0 0:2 0 JklF 1 0 0:9 0 Otfe§o 

IHfrV^ :g^«/&bT^W1v^£7«Ufco It^^^^T^-To Iff 
MHin^i^^i 8 o'er? 3 0#ffofe o $g-£?£©MPffcJu e^«SJL^xtf> 

3-^- (3000rpm) T, 3 0 #Hflfro 7c„ Kil^Sli, ^*#H^iT, 
1 6 OtTl ^Pelff ofeo M^te RTA £JBV^ iigfflIT, 2 5 0-2 8 

ox:-? 3 o#tfofeo rta mmmm^y, 6 o o~7 o o'er 

6 0^ffofc o M*§m©^li*#:Il©MJP«5 0 nm-e&ofeo 
W^J 2 ) 

^^IfjTIi, Bi Bi 4 Ti 3 Oi 2 (BIT)i:#lf ^t/^^^ffibfe 

# If T" § Bi4Wo.1Vo.2Sio.1Geo.1Ti2.5O12 ( BWVSGT1 ) £ , 

Bi4W 0 .2Vo.4Sio.2Geo.2Ti 2 Oi2 (BWVSGT2) <h£J3^T> S^«ffi_h^X fc! >n - 

*mmm iz<k& viv^fjvmm^^m^m^-. Bi 4 (wvsi,Ge,Ti) 3 oi2 3>tii m& 
&j&mV)V5 i )ymmu. Bi4Ti 3 0i 2 (BiT)^j3v*;j^;^M<h, wsio 5 (wso)R 
n v2Geo 7 (vGo)mmmVJVir)ymm^u^vxi^mvrc 0 wso vgo « 

BIT VOl^l'S** lmol fC^fb, WSO lkX$ VGO £-^n^tl O.lmol »lbfc 
fe©^ BWVSGT1 ^J&fflvOl^MSifr"*?* tK BIT VOl^ViSJfc lmol fc;fcfb 
, WSO JkT$ VGO ^^ttl^n 0.2mol WJbfc^©/^ BWVSGT2 V*;i/^r 
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mm nwwkWt&m* ; 

(a) 7.tf>3— h (500rpm 5sec 4000rpm 20sec) 

(b) f£j^ (150°C 2mininair) 

(c) U&fiu (400°C 5mininair) 

(d) jHfifc (*£IMb) (550*0 20min> RTA in 0 2 at latm) 

(a), (b), (c) ©Ig£«#C4®*»3jgbfc:g^ X@ (d) £frofco E 
(D&^tzhX&Ztifc&ffiWs&fc&o XRD a°^ — >ttli 0 Izmir 
fee IH^^^bfecta Id, BWVSGT1 RtfBWVSGT2 (117) Hi 

D-E kXfU^Xttt^lfftbfct-^. 01 1 J- * V & J; 5 \Z , 
BWVSGTl, BWVSGT2 *fc*5S?9©9SlSI«#:^ ^ U ^SfcMii© Ji^ffc^M 
tt^bfco frMU^n-^tU BWVSGTl 3&« Pr=18MC/cm2, BWVSGT2 & 
Pr=10 jLt C/cm2 ©I^tl/tt^c. 

fc:fe, BIT © B 1M h Ti & 1 J^lflbfci^, «fc Pr < fc 0 , 

0j <ommnfc ^^u « m b v> £ t o & o 

(l«M 3 ) 
*l*l«iI«Pb KM t* 

■femiMMXn, Pb1.1Zro.1Tio.8Sio.1Os (PZTSl) t., Pb1.1Zro.7Tio.2Sio.1O3 ( 
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BSO Si ifi, BIT ff©m^AM#© B 1M htltffffltSo b/^U&l^ 
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